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INTRODUCTION 
Winter nurseries, located in semi-tropical or tropical areas, and 
greenhouses have become an integral part of most soybean [Glycine max 
(L.) Merrill] breeding programs. The use of these facilities has enabled 
soybean breeders to inbreed segregating populations, hybridize, and in­
crease seed quantities during the winter. By using these facilities, 
the breeder can reduce the time required for obtaining inbred lines and 
increase the seasons per year available for hybridization. 
Most soybean cultivars adapted for production under U.S. conditions 
flower too soon after emergence to make adequate growth for producing 
moderate seed yields when planted at Mayaguez, Puerto Rico (Hartwig, 
1970). The number of flowers produced under semi-tropical or tropical 
conditions is limited and the flowers are not suitable for hybridization 
due to self-pollination before they are large enough to manipulate (Fehr, 
1980). To obtain suitable flowers for hybridization and to increase the 
number of flowers and seed, breeders may use artificial lights to extend 
the natural day length or to interrupt the dark period. 
Blaney and Hamner (1957) found that two consecutive short days were 
required to induce soybeans to flower. If two short days are required to 
induce flowering, then every-other-night interruptions should delay re­
productive development as much as every—night interruptions of artificial 
light. Every-other-night interruptions require 50% less energy, and if 
portable lighting equipment was used, the equipment requirement would be 
reduced by 50% or the size of the nursery could be doubled. There are 
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no data available which compare the effectiveness of every-night with 
every-other-night interruptions in delaying flowering. 
The duration and timing of the night interruption may also be im­
portant in delaying reproductive development. Parker et al. (1946) and 
Downs (1956) reported that a night interruption of two minutes would 
prevent flowering. Wareing (1954) found that night interruptions given 
during the early or late period of the night were more effective than 
night interruptions given during the middle period of the night. There 
are no data available which identify the most effective period of the 
night for night interruptions beginning before seedling emergence and 
continuing to maturity. The objectives of the night interruption study 
were (a) to evaluate the reproductive development of soybeans grown 
under every-night interruption with every-other-night interruption, and 
(b) to identify the duration and timing of the night interruption that 
would be most effective in delaying reproductive development. 
The most widely used procedure for inbreeding segregating popula­
tions of soybeans is single-seed descent. Its popularity is directly 
related to the use of greenhouses and winter nurseries in soybean breed­
ing programs (Fehr, 1978). With single-seed descent, only one or a few 
seeds are needed from a plant each generation; therefore, procedures for 
rapid seed production are desirable. 
One technique for obtaining rapid seed development is the use of 
short day lengths (Fehr, 1980). Soybeans of maturity groups I to III 
grown at Mayaguez, Puerto Rico (approximately 12-hour day length) mature 
in 90 days (Fehr and Ortiz, 1975). There are no data which indicate 
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that soybeans could not be grown under shorter day lengths and produce 
adequate seed for single-seed descent in less than 90 days. The objec­
tive of the day length study was to determine if the number of days 
required to produce a generation of soybeans could be reduced by the use 
of day lengths shorter than 12 hours. 
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LITERATURE REVIEW 
Plant species are classified as short day, long day, or day neutral 
depending on their flowering response to photoperiod. Short day species 
flower when the day length is shorter than a critical maximum. Long day 
species flower when the day length is longer than a critical minimum. 
Day neutral species do not flower in response to long or short days. 
Eguchi (1920) divided the flowering response into two periods, emergence 
to flower bud formation and bud formation to flowering or anthesis. He 
classified plant species by their response to short or long day lengths 
in each period. Soybeans developed flower buds in less time and the 
period between flower bud formation and anthesis was shortened by short 
day lengths. 
Soybeans have been found to respond to as few as two consecutive 
short days. Blaney and Hamner (1957) grew *Biloxi ' soybeans under long 
days until expansion of the fourth trifoliolate leaf, then put the plants 
under a light schedule of 9 hours of light and 15 hours of dark for 1 to 
7 days. After the short day cycles, the plants were transferred to long 
day lengths for 21 days before floral development was evaluated. No 
flower buds were found on the plants that had one short day. Most of 
the plants that had 2 short days had flower buds, and all of the plants 
that had 3 short days had at least one flower bud. 
Night Interruption Study 
The minimum length of night interruption required to delay flower 
initiation in soybeans was found to be 2 minutes (Parker et al., 1946). 
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They grew the cultivar Biloxi in 18-hour day lengths until the third 
trifoliolate leaf was fully expanded. The plants were partially defoli­
ated, leaving only the third trifoliolate leaf, then transferred to con­
trolled environment chambers. The photoperiod in the chambers was 10 
hours of light and 14 hours of dark. The three treatments consisted of 
night interruptions 2, 6, or 18 minutes in length given 7 hours after 
the beginning of the dark period. Fourteen days after the beginning of 
the treatments, each plant was dissected and the presence or absence of 
flower primordia recorded. All of the night interruption treatments in­
hibited floral development during the 14-day test. These results were 
later confirmed by Downs (1956). He used the same cultivar and experi­
mental procedures as Parker et al. (1946), except that the treatments 
were continued for 9 days and after the last treatment, the plants were 
returned to long day lengths for 6 days before dissection. Downs found 
that a night interruption of 2 minutes was sufficient to inhibit flora] 
primordia initiation. 
Kiyosawa and Kiyosawa (1961) studied the effects of different lengths 
of night interruption on the flowering response of four cultivars. The 
four cultivars used were ' Katazaya ' and 'Ani', two early cultivars, and 
'Kyushu No. 5' and *Yukikorogashi', two late cultivars. The plants were 
limited to an 8-hour day length by covering the plots with a light-proof 
shield. The five treatments consisted of night interruptions 1, 10, 60, 
and 600 seconds in length and a control. The night interruptions were 
given 8 hours after the beginning of the dark period. Days from planting 
to anthesis were recorded for each plant. Neither the 1- or 10-second 
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interruption was found to delay anthesis beyond the control. The 60-
second interruption delayed the flowering of Katazaya by 4 days, Ani by 
3 days, Kyushu No. 5 by 8 days, and Yukikorogashi by 14 days. The most 
effective treatment for the late cultivars, 600 seconds, delayed Katazaya 
by 4 days, Ani by 5 days, Kyushu No. 5 by 37 days, and Yukikorogashi by 
38 days. They concluded that cultivars respond differently to night 
interruption, earlier cultivars being less sensitive to night interrup­
tion than late cultivars. 
Wareing (1954) found that night interruption was most effective in 
delaying flowering of soybeans when the interruption occurred during the 
early or late period of the night. Biloxi soybeans were grown in an 18-
hour day length until expansion of the third trifoliolate leaf. The 
plants were transferred to photoperiods of either 8 hours of light and 
40 hours of dark or 9 hours of light and 39 hours of dark. The treat­
ments were 30-minute interruptions given at various times during the dark 
period. Wareing recorded the number of flowers per plant 2 to 3 weeks 
after the treatment and used this measure to determine the effectiveness 
of each treatment. He found that the most effective periods for inter­
ruption were 6 hours after commencement and 2 to 3 hours before the end 
of the dark period. 
The effect of night interruption during dark periods of different 
length was investigated by Nanda and Hamner (1962). They grew Biloxi 
soybeans under 20-hour day lengths until expansion of the third tri­
foliolate leaf. The plants were transferred to photoperiods consisting 
of 8 hours of light and 16, 36, 42, 48, 54, 60, 66, or 72 hours of dark. 
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The plants remained in these photoperiods for seven cycles, during which 
a 30-minute night interruption was given 4, 8, 12, 16, 20, 28, 32, or 40 
hours after the beginning of the dark period. At the end of the seventh 
cycle, the plants were transferred to 20-hour day lengths for 40 days. 
The plants were dissected and the number of nodes with flower primordia 
was counted. They concluded that an interruption given during the early 
or late part of the dark period inhibits floral initiation regardless of 
the total length of the cycle. Maximum effects were observed with inter­
ruptions given 8 hours after the beginning and 8 hours before the end 
of the dark period. 
The effects of night interruption on flowering in plant species 
other than soybeans have also been studied. Carr (1952) investigated 
the delay of flowering caused by night interruption in Perilla ocymodes 
(L.) Britt. and Xanthium pennsylvanicum Wallr. He grew plants of 
ocymodes under 10 hours of light and 14 or 38 hours of dark for 46 
cycles. During the first 22 cycles, he gave a 30-minute interruption 7.5 
hours after the beginning of the 14-hour dark period and 31.5 hours after 
the beginning of the 38-hour dark period. No flowering occurred on the 
plants receiving the night interruption treatments, but all plants under 
the same light and dark cycles without interruption were flowering at 
the end of 46 cycles. Plants of X. pennsylvanicum were grown under 10 
hours of light and 38 hours of dark for 46 cycles. During the first 22 
cycles, he gave a 30-minute interruption 7.5, 13.75, 19.75, 25.75 or 
31.75 hours after the beginning of the dark period. At the end of 46 
cycles, plants in all treatments were flowering except those which had 
8 
received the interruption 7.75 and 31.75 hours after the beginning of 
the dark period. Carr concluded that early and late night interruptions 
are effective in delaying flowering, but interruptions in the middle of 
the dark period are not. 
Julien and Soopramanien (1975) examined the effects of night inter­
ruption on floral development of sugarcane (Saccharum spontaneum L-) 
grown under greenhouse conditions. The treatments were 1 hour of light 
given at 1900, 2100, 2300, 0100, 0300, or 0500 hours. They concluded 
that interruption did not delay floral emergence when given in the mid­
dle of the dark period. Maximum delaying effects were observed for the 
treatments at the end of the dark period, 0300 and 0500 hours. 
The effect of night interruption with light from different regions 
of the visible spectrum was studied by Carpenter and Hamner (1963). 
They found no difference in the effect of night interruption of red or 
white light. Parker et al. (1945) examined the effect of night inter­
ruption with light from the entire visible spectrum. Biloxi soybeans 
were grown in a photoperiod of 10 hours of light and 14 hours of dark. 
The interruption was given 7 hours after the beginning of the dark period 
and was 1, 2.5, 5, 9, 13, or 60 minutes in length. They found that 
floral initiation could be suppressed by interruption of the dark 
period with light from any region of the visible spectrum, but there were 
two regions with maximum effects. One was the yellow, orange, and red 
region from 550 to 720 nm, and the other was the violet region from 400 
to 500 nm. The response curve associated with night interruption was 
the same as that for photosynthesis. This led Parker et al. (1945) to 
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suggest that the chloroplast pigments in the leaf may be associated with 
the night interruption phenomenon. 
None of the previous research compared the effect of every-night 
interruption with every-other-night on the delay in reproductive develop­
ment. Previous studies in soybeans studied the effect of every-night 
interruption and used the number of flowers produced or the number of 
nodes flowering to evaluate the period of the night at which interruption 
was most effective. The oojective of the night interruption study was 
to compare the delay in reproductive development of soybeans grown under 
every-night with every-other-night interruptions of different durations 
given at different times during the night. 
Day Length Study 
Soybean plants of varying age differ in their response to short 
day length. Thomas and Roper (1976) grew 'Ransom' soybeans under long 
day lengths. Groups of plants were transferred to short day lengths at 
the expansion of the cotyledons, the third trifoliolate leaf, or the 
sixth trifoliolate leaf for 0, 15, 25, 30, or 50 consecutive days. All 
groups of plants remained in short day lengths until anthesis, at which 
time some of the plants of each group were moved to long day lengths. 
Total flowers, pod production efficiency (pods set/flowers initiated), 
and rate of seed fill were recorded as the plants developed. They found 
that total flowers per plant increased with delay of the short day length 
treatments due to an increase in the number of nodes. Pod production 
efficiency was greatest for the plants transferred to short day lengths 
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at the expansion of the cotyledons- They found differences between the 
effect of day length on the different plant development stages and con­
cluded that photoperiodic stimulation of seed-filling is separate from 
the photoperiodic control of floral initiation. 
The optimum day length for total flower production is between 5 and 
10 hours (Sirohi and Hamner, 1962). They grew Biloxi soybeans under 
seven consecutive day lengths of 2 to 14 hours. They found that the 
total number of nodes flowering 25 to 30 days after the treatment in­
creased with increasing day lengths from 2 to 5 hours, was maximum in 
day lengths of 5 to 10 hours, and decreased with increasing day lengths 
above 10 hours. 
The effect of day length and cultivar on reproductive development 
in soybeans was investigated by Johnson et al. (1960). They exposed six 
cultivars and strains to 13-hour day lengths until anthesis. The culti-
vars and strains were 'Clark', T171, *S100', 'Dorman', LX1166-32, and 
'Lee'. At anthesis, groups of each cultivar were transferred to day 
lengths of 14.5, 14, 13.5, or 13 hours until maturity. The average days 
from emergence to maturity for the six cultivars and strains was 103 in 
14.5-, 95 in 14-, 92 in 13.5-, and 12 in 13-hour day length. They con­
cluded that day lengths longer than 13.5 hours increased the days from 
emergence to maturity. Majors et al. (1975) planted two cultivars of 
each maturity group I through V at different dates ranging from April to 
July. They found that late maturing cultivars were more sensitive to 
day length than early maturing cultivars. The most obvious difference 
among cultivars was their sensitivity to day length between planting and 
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flowering. Little difference was found among cultivars for the flowering 
to maturity period-
Criswell and Hume (1972) examined two cultivars of each maturity 
group 00 through IV grown under day lengths of 12, 16, 20, or 24 hours. 
They found no difference between cultivars for days from planting to 
anthesis when grown in the 12-hour day length, but there were significant 
differences between cultivars when grown under day lengths of 16 hours 
or longer. Days from planting to flowering averaged across all culti­
vars was 37 in 12-hour, 45 in 16-hour, 65 in 20-hour, and 70 in the 24-
hour day length. They concluded that the days from planting to flower­
ing increased as day length increased and that early maturing cultivars 
are less sensitive to day length than late maturing cultivars. Van 
Schaik and Probst (1958) compared the days from planting to flowering of 
two cultivars, Clark and 'Midwest*, grown under day lengths of 12, 16, 
or 20 hours. Clark flowered 29 days after planting in the 12-hour day 
length and 84 days in the 20-hour day length. Midwest flowered 27 days 
after planting in the 12-hour day length and 37 days in the 20-hour day 
length. They concluded that Midwest was less sensitive to day length 
than Clark. 
The sensitivity to day length of soybeans of different maturity 
groups was compared by Huxley and Summerfield (1974). They grew seven 
cultivars under day lengths of 11.66 and 13.33 hours. The cultivars 
were 'Grant', 'Clark 63', 'Heron', ' HLS 223', ' TK5 ', 'Bossier', and 
'Improved Pelican'. Grant flowered 25 days and Clark 63 flowered 26 
days after planting in both day lengths. TK5 flowered 29 days after 
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planting in the 11.66-hour day length and 35 days in the 13.33-hour day 
length. Bossier flowered 31 days after planting in the 11.66-hour day 
length and 35 days in the 13.33-hour day length. Improved Pelican 
flowered 32 days after flowering in the 11.66-hour day length and 39 
days in the 13.33-hour day length. Hemon flowered 37 days after plant­
ing and HLS 223 flowered 39 days after planting in the 11.66-hour day 
length, but neither cultivar flowered in the 13.33-hour day length. They 
concluded that early maturing cultivars are less sensitive to day length 
than late maturing cultivars. 
The effect of photoperiods with day lengths less than 12 hours was 
investigated by Byth (1968). Byth grew four cultivars of maturity group 
VIII under photoperiods with day lengths of 8, 10, 12, 14, or 16 hours. 
The cultivars he used were 'Avoyelles', 'Bienville', 'Nanda', and 
'Mamloxi'. He found that differential cultivar responses of flowering 
were apparent only in day lengths of 12 hours or more. Parker and 
Borthwick (1939) grew Biloxi soybeans under 16-hour day lengths for four 
weeks, then transferred groups of plants to day lengths of 8, 10, 12, 
13, 14, 15, 16, or 18 hours. They found that plants transferred to day 
lengths of 8 to 13 hours flowered nearly simultaneously. No flowers 
opened in the 16 or 18-hour day lengths. 
Borthwick and Parker (1939) examined the reproductive development of 
soybeans of maturity group 00 through VIII grown in day lengths of 8 to 
24 hours. They concluded that in general the earlier a cultivar matures 
in the field, the longer the day length under which flower initiation 
can occur. The effect of 10 photoperiods with day lengths of 0, 2, 4, 
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6, 8, 10, and 12 hours on the flowering of Biloxi soybeans was studied 
by Borthwick and Parker (1938). They grew plants for 40 days under 17-
hour day lengths and then transferred groups of plants to the short day 
lengths. Control plants remained in the 17-hour day length. The plants 
of the 0-hours day length flowered 65 days after the first short day 
length and the plants in the control flowered 63 days after the first 
day of the short day length treatments. The most rapid flowering 
occurred in 26 days on plants in the 12-hour day length. 
The effect of short day lengths on soybeans grown in the field was 
investigated by Gamer and Allard (1920). They used a light-proof house 
built in the field and moved plants in and out manually. Control plants 
were not moved into the house. The early cultivar, 'Mandarin', flowered 
3 days earlier than the control when grown under a 5-hour day length, 
5 days earlier in a 7-hour day length, and 7 days earlier in a 12-hour 
day length. The medium cultivar, 'Peking', flowered 9 days earlier than 
the control when grown under a 5-hour day length, 11 days earlier in a 
7-hour day length, and 30 days earlier in a 12-hour day length. The 
late cultivar, 'Tokyo', flowered 16 days earlier than the control when 
grown in a 5-hour and 7-hour day length, and 48 days earlier in a 12-hour 
day length. The very late cultivar, Biloxi, flowered 49 days earlier 
than the control when grown in a 5-hour day length, 50 days earlier in 
a 7-hour day length, and 55 days earlier in a 12-hour day length. 
None of the previous studies considered the effect of day lengths 
shorter than 12 hours on the time from planting to maturity. The 
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objective of the day length study was to determine if day lengths shorter 
than 12 hours will decrease the number of days from planting to maturity. 
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MATERIALS AND METHODS 
Night Interruption Study 
The night interruption study was conducted at the Agronomy and 
Agricultural Engineering Research Center, Ames, Iowa, during 1978 and 
1979. One cultivar of each maturity group DO through V and one day-
neutral cultivar were chosen for the study (Table 1). Each cultivar of 
maturity group 00 through V is widely grown in its area of adaptation. 
' Shinsei' is an early maturing Japanese cultivar that has been shown to 
be day neutral (Guthrie, 1972). 
Table 1. Maturity group of cultivars grown in the night interruption 
study 
Cultivar Maturity group 
Altona 00 
Clay 0 
Hark I 
Beeson II 
Woodworth III 
Cutler 71 IV 
Essex V 
Shinsei D.N.* 
^ay neutral. 
There were eight light treatments, 1 to 8, and a control, 9, which 
received no artificial light (Table 2). The lights in treatment 1 were 
turned on every night before sunset and remained on until after sunrise. 
The lights in treatment 2 were turned on every other night before sunset 
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Table 2. Light treatments, time, and schedule used in the night inter­
ruption study 
Treatment 
number Time Schedule 
1 Sunset-Sunrise EN\ 
2 Sunset-Sunrise EON 
3 2300-0030 hours EN 
4 2300-0030 hours EON 
5 0030-0200 hours EN 
6 0030-0200 hours EON 
7 0200-0330 hours EN 
8 0200-0330 hours EON 
9 Control 
^very night. 
^Every other night. 
and remained on until after sunrise. The duration of the night interrup­
tion in treatments 3 through 8 was 1.5 hours. Plants in treatments 3, 
5, and 7 had a night interruption every night. Plants in treatments 4, 
6, and 8 had a night interruption every other night. Plants in treat­
ments 3 and 4, early, had a night interruption from 2300 to 0030 hours, 
treatments 5 and 6, mid, had a night interruption from 0030 to 0200 hours, 
and treatments 7 and 8, late, had a night interruption from 0200 to 
0330 hours. The early night interruption treatments began 2 hours after 
sunset and the late night interruption treatments ended 2 hours before 
sunrise. All treatments began before seedling emergence and continued 
until maturity. 
The light source for the treatments was two 100-W incandescent 
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bulbs per treatment suspended 122 cm from the soil surface. Each light 
bulb of a treatment was centered within four of the eight cultivar rows 
(Fig. 1). The irradiance, measured at the center of each row, was 101 
2 W/m . Each night interruption treatment was enclosed within a light-
proof fence to assure that light did not pass from one treatment to the 
next. The fence consisted of 1 mm black polyethylene film suspended 
between two 122 cm high strands of poultry net. 
The experiment was conducted each year in two replications of a 
split-plot arrangement of a randomized complete-block design (Fig. 2). 
The eight light treatments and the control were whole plots, and the 
eight subplots were the eight cultivars. Plots were single rows 1 m 
long with 76 cm between rows. The seeding rate was 40 seeds per m, and 
plots were thinned to 20 plants per m after emergence. The planting 
date was 28 June in both 1978 and 1979. 
Ten consecutive plants in the center of each row were tagged with 
a number. For each plant, the days from planting were recorded for 
each reproductive stage, R1 through R8, and the vegetative stage on 
that date. Descriptions for reproductive stages were provided by 
Fehr and Caviness (1977). 
R1 = One open flower at any node on the main stem. 
R2 = Open flower at one of the two uppermost nodes on the main 
stem with a fully developed leaf. 
R3 = Pod 5 mm long at one of the four uppermost nodes on the main 
stem with a fully developed leaf. 
R4 = Pod 2 cm long at one of the four uppermost nodes on the main 
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Figure 1. Diagrammatic view of one treatment in the night interruption 
study 
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Figure 2. Diagrammatic view of the field layout of the plots in the night 
Interruption study 
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stem with a fully developed leaf. 
R5 = Seed 3 mm long in a pod at one of the four uppermost nodes 
on the main stem with a fully developed leaf. 
R6 = Pod containing a green seed that fills the pod cavity at 
one of the four uppermost nodes on the main stem with a 
fully developed leaf. 
R7 = One normal pod on the main stem that has reached its mature 
pod color. 
R8 = Ninety-five percent of the pods that have reached their 
mature pod color. 
The average of the ten plants of each cultivar row was analyzed by 
conventional analysis of variance procedures. Years were considered 
random effects; treatments and cultivars were considered fixed effects. 
Day Length Study 
The research was conducted in controlled environment chambers at 
Iowa State University, Ames, Iowa, in 1979. Two cultivars of each 
maturity group 00 through X plus two day-neutral strains and 'Biloxi*, 
a reference cultivar widely used in photoperiod studies, were chosen 
for the study (Table 3). Three chambers were used for the first planting 
of the study. Each chamber had a day length of 4 hours, 8 hours, or 12 
hours of light per 24-hour period. The day length treatments began 
before seedling emergence and were continued until maturity. The light 
source in each chamber was a mixture of incandescent and fluorescent 
light. Photosynthetic photon flux density at the soil surface was 600 
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Table 3. Maturity group of cultivars grown in the day length study 
Cultivar Maturity group 
Altona 00 
Norman 00 
Clay 0 
Evans 0 
Hark I 
Hodgson I 
Beeson II 
Corsoy II 
Williams III 
Woodworth III 
Cutler 71 IV 
Kent IV 
Essex V 
Hill V 
Lee 74 VI 
Tracy VI 
Bragg VII 
Ransom VII 
Hutton VIII 
Cobb VIII 
Santa Rosa IX 
Jupiter IX 
PI 274454 X 
PI 240664 X 
PI 153212 D.N." 
Shinsei D.N. 
Biloxi Ref. 
^ay neutral. 
^Reference cultivar of maturity group VIII. 
viE/S ^/m A 22 C temperature was maintained for 12 hours of the 24-
hour period. The day length treatments were centered within a 12-hour 
period at 31 C. After the first planting matured, the chambers were 
switched and the 8-hour and 12-hour day length chambers replanted. The 
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4-hour chamber was not replanted due to the unsatisfactory growth and 
development of the first planting. 
The planting dates for the first and second plantings were 31 May 
and 14 Sept., 1979. Four seeds of each cultivar were planted in a 14.5 
cm tall X 10 cm diameter plastic pot filled with a 1 sand: 2 unsteril-
ized soil: 1 peat mixture. Plants were selected for uniformity and 
thinned to one plant per pot after emergence. Pots were watered daily. 
No fertilizer was added to the soil mixture before or after planting. 
For each plant, the number of days from the cotyledon stage (VC) to 
each reproductive stage, R1 through R8, and the vegetative stage on 
that date was recorded. The cotyledon stage is defined as when the 
unifoliolate leaves have unrolled sufficiently so the leaf edges are not 
touching (Fehr and Caviness, 1977). 
There were three replications of each cultivar per chamber arranged 
in a randomized complete-block design. Two analyses of variance were 
conducted for the data. The data for the first planting were analyzed 
to compare the 4-hour, 8-hour, and 12-hour day lengths. Day lengths and 
cultivars were considered fixed effects; however, the effects of the 
different chambers were confounded within the effects of the different 
day lengths. The data of the first and second plantings for the 8-hour 
and 12-hour day lengths were combined for the second analysis. Plantings 
were considered random effects; day lengths and cultivars were considered 
fixed effects. 
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RESULTS 
Night Interruption Study 
A separate analysis of variance was conducted for each reproductive 
stage to determine if the effect of cultivars and treatments was con­
sistent across stages. In the analysis of variance for days from plant­
ing, the mean squares for years was significant (P < 0.05) for reproduc­
tive stages R4, R5, and R7 and was highly significant (P < 0.01) for R6 
(Table 4). The difference between the means for years was 0 days at 
Rl, 1 day at R2 and R3, 2 days at R4, 4 days at R5, 3 days at R6, 2 days 
at R7, and 3 days at R8. 
The treatment mean squares were highly significant for reproductive 
stages Rl through R7 and significant for R8. The treatment x year mean 
squares were significant for Rl, R2, R5, and R8 and highly significant 
for R4. The largest difference in treatment means for each year was 2 
days at Rl for treatment 5, 3 days at R2 for treatment 7, 5 days at R4 
for treatment 7, 6 days at R5 for treatments 3 and 7, and 7 days at R8 
for treatment 1. 
The cultivar mean squares were highly significant for reproductive 
stages Rl through R6. The cultivar mean squares were not significant 
for R7 or R8, but only one cultivar. Shinsei, developed to R7 and R8 in 
all treatments. There were differential responses of cultivars to treat­
ments. Early maturing cultivars were not delayed as much as late matur­
ing cultivars. The cultivar x year mean squares were highly significant 
for reproductive stages Rl, R3, R4, R5, R7, and R8 and significant for 
Table 4. Combined analysis of variance for days from planting in the 
night interruption study for 1978 and 1979 
Reproductive stages 
source ox 
variation df^ R1 df R2 df R3 
Year (Y) 1 8. 45 1 17, .55 1 120. 18 
Rep/Y (R/Y) 2 7. 93 2 8, .73 2 12. 72 
Treataent (T) 8 1811. 99** 8 1516. 83** 8 1385. 59** 
T X Y 8 10. 99** 8 11. ,22* 8 17. 99 
T X R/Y 16 2. ,73 16 3. ,89 16 7. ,84 
Cultivar (C) 7 6243. 69** 7 5462. ,55** 7 5149. , 06** 
C X Y 7 18. 76** 7 9. 36* 7 26. 34** 
C X T 56 161. 65** 56 132. 51** 56 171. 19** 
C X T X Y 56 7. 86** 56 4. 23 56 5. 69 
Error 126 4. 60 126 3. 61 126 5. 18 
degrees of freedom. 
*P < 0.05. 
**P < 0.01. 
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Reproductive stages 
df R4 df R5 df R6 df R7 df R8 
1 254.63* 1 1106.49* 1 499.77** 1 66.75* 1 148.54 
2 3.04 2 21.52 2 .09 2 00
 
VO
 
2 10.72 
8 988.62** 8 634.69** 8 234.14** 8 65.57** 8 41.74* 
8 30.14** 8 13.81 8 8.29 8 7.74 8 8.13* 
16 6.64 16 5.07 16 5.47 16 3.54 16 2.88 
7 5313.28** 7 3318.31** 7 1976.01** 4 198.38 4 96.43 
7 47.03** 7 41.23** 7 13.18* 4 31.68** 4 32.21** 
56 222.80** 56 188.48** 56 120.18** 32 69.45** 32 41.22** 
56 8.74 56 ll.il** 56 7.69 32 4.64** 32 5.52** 
126 7.69 126 6.06 126 6.07 72 1.57 72 2.75 
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R2 and R6. The cultivar x treatment mean squares were highly significant 
for reproductive stages R1 through R8. The differences in cultivar means 
for each year were not large. The error term used to test the cultivar 
X year mean square was the cultivar x treatment x Rep (year) interaction. 
The error mean squares were small, indicating that there was little error 
associated with the measurement; therefore, small differences in culti­
var means between years were significant. 
The students t-values associated with paired cultivar-year means 
of treatment 1 compared with treatment 2, treatment 3 compared with treat­
ment 4, treatment 5 compared with treatment 6, and treatment 7 compared 
with treatment 8 were highly significant for all reproductive stages 
(Table 5). The number of days that reproductive development was delayed 
Table 5. Students t-values associated with every-night versus every-
other-night comparison of number of days delayed beyond the 
control in the night interruption study 
Reproductive 
stage t-value PR> 1T1 
R1 14.89 0.0001 
R2 17.40 0.0001 
R3 16.85 0.0001 
R4 14.83 0.0001 
R5 12.99 0.0001 
R6 13.54 0.0001 
R7 8.87 0.0001 
R8 6.60 0.0001 
beyond the control seemed to be dependent on the amount of light received. 
The every-night treatments 1, 3, 5, and 7 received twice the hours of 
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light as the every-other-night treatments 2, 4, 6, and 8. The number 
of days that reproductive development was delayed beyond the control at 
R1 for the every-night treatments was 33 for treatment 1, 9 for treat­
ment 3, 10 for treatment 5, and 18 for treatment 7 (Table 6). The num­
ber of days that reproductive development was delayed beyond the control 
at R1 for the every-other-night treatments was 17 for treatment 2, 4 
for treatments 4 and 6, and 8 for treatment 8 (Table 6). Similar re­
sults were found for reproductive stages R2 through R8. 
The delay in reproductive development was greater for the late-
night interruptions, treatments 7 and 8, than for the early-night inter­
ruptions, treatments 3 and 4, or the mid-night interruptions, treatments 
5 and 6. The number of days that reproductive development was delayed 
beyond the control for the early-night interruptions was 7 at Rl, 8 at 
R2, 8 at R3, 10 at R4, 12 at R5, 8 at R6, 7 at R7, and 4 at R8 (Table 6). 
The number of days that reproductive development was delayed beyond the 
control for the mid-night interruptions was 7 at Rl, 8 at R2, 8 at R3, 
10 at R4, 12 at R5, 10 at R6, 8 at R7, and 7 at R8 (Table 6). The number 
of days that reproductive development was delayed beyond the control for 
the late-night interruptions was 13 at Rl, 16 at R2, 15 at R3, 19 at R4, 
20 at R5, 16 at R6, 15 at R7, and 10 at R8 (Table 6). All of the night 
interruption treatments caused a significant (P < 0.05) delay in repro­
ductive development for all reproductive stages Rl through R8, except 
treatments 4 and 6 at Rl through R6 (Table 6)-
The average delay in reproductive development compared with the con­
trol did not increase significantly after Rl. For example, the average 
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Table 6. Treatment means for days from planting for reproductive stages 
in the night interruption study, excluding Shinsei 
Reproductive stage 
ment 
R1 R2 R3 R4 R5 R6 R7 R8 
1 
(33*)^^ = 
78 
(37*) 
69 
(22*) 
95 
(42*) 
97 
(37*) 
101 
(25*) 
103+f 
(19+*) 
103+ 
(13+*) 
2 57 
(17*) 
60 
(19*) 
61 
(14*) 
77 
(24*) 
84 
(24*) 
96 
(20*) 
101 
(17*) 
103+ 
(13+*) 
3 49 
(9*) 
52 
(11*) 
57 
(10*) 
66 
(13*) 
75 
(15*) 
86 
(10*) 
94 
(10*) 
96 
(6*) 
4 44 
(4) 
46 
(5) 
52 
(5) 
59 
(6) 
68 
(8*) 
82 
(6*) 
88 
(4) 
93 
(3) 
5 50 
(10*) 
52 
(11*) 
58 
(11*) 
66 
(13*) 
75 
(15*) 
88 
(12*) 
95 
(11*) 
98 
(8*) 
6 44 
(4) 
46 
(5) 
52 
(5) 
60 
(7) 
68 
(8*) 
83 
(7*) 
90 
(6*) 
95 
(5*) 
7 58 
(18*) 
62 
(21*) 
67 
(20*) 
77 
(24*) 
84 
(24*) 
95 
(19*) 
103+ 
(19+*) 
103+ 
(13+*) 
8 48 
(8*) 
51 
(10*) 
57 
(10*) 
66 
(13*) 
75 
(15*) 
89 
(13*) 
95 
(11*) 
97 
(7*) 
9 40 41 47 53 60 76 84 90 
s3E^ 1.6 1.7 2.1 2.7 1.9 1.4 1.4 1.4 
LSD® 5.2 5.5 6.9 9.0 6.0 4.7 4.5 4.6 
= The maximum days from planting to the first frost damage was 
103 days. 
Numbers in parentheses are the number of days delay beyond treat­
ment 9. 
= Significantly different from the control at the 0.05 proba­
bility level based on the LSD. 
^Standard error of a mean. 
^Least significant difference at the 0.05 probability level-
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number of days delay for five cultivars that reached R5 before frost in 
treatments 2 through 8 was 9 for Rl, 10 for R2, 12 for R3, 13 for R4, 
and 12 for R5. Therefore, the data for Rl were considered representa­
tive of the effect of cultivars, and individual cultivar data for that 
stage will be discussed in detail. Cultivar means for reproductive 
stages R2 through R8 appear in the appendix (Appendix Tables A-1 through 
A-7). 
Cultivars of earlier maturity groups were less sensitive to night 
interruption than cultivars of later maturity groups. Cultivar means 
for stage Rl show that for each light treatment reproductive development 
was delayed less for the two earliest cultivars 'Altona' and 'Clay' 
(Table 7). The third earliest cultivar, 'Hark', was delayed less than 
'Beeson' in all treatments, except 5 and 6. This trend does not follow 
the next four later cultivars. The number of days delay beyond the con­
trol was approximately the same for the cultivars of maturity groups 
II, III, IV, and V .  
The number of vegetative nodes at each reproductive stage Rl through 
R5 indicated that the light treatments did not affect the rate of node 
development (Table 8). As the light treatments delayed reproductive 
development, there were more days between reproductive stages; therefore, 
there was an increase in the number of nodes at each stage. Each vege­
tative node developed in 7 days in the control, and in 7 or 8 days in 
the light treatments. 
Table 7. Days from planting to beginning bloom, Rl, for cultivars in the night interruption study 
Cultivar (maturity group) 
ment Altona Clay Hark Beeson Woodworth Cutler 71 Essex Shinsei x« 
(00) (0) (I) (II) (III) (IV) (V) (D.N.) 
1 39 54 75 84 81 77 103+b 39 73 
(10*)C,d (22*) (40*) (47*) (40*) (35*) (42+*) (3*) (38*) 
2 33 41 55 58 62 64 84 39 55 
(A) (9*) (20*) (21*) (21*) (22*) (23*) (3*) (17*) 
3 31 37 43 52 54 56 73 38 49 
(2) (5*) (8*) (15*) (13*) (14*) (12*) (2) (9*) 
4 30 33 38 43 47 49 68 37 44 
(1) (1) (3) (6) (6*) (7*) (7) (1) (4) 
5 31 38 47 49 53 56 74 39 50 
(2) (6*) (12*) (12*) (12*) (14*) (13*) (3*) (10*) 
6 30 34 40 42 46 49 69 37 44 
(1) (2) (5*) (5) (5*) (7*) (8) (1) (4) 
7 34 42 54 62 63 67 86 38 58 
(5*) (10*) (19*) (25*) (22*) (25*) (25*) (2) (18*) 
8 31 36 43 48 50 54 76 38 48 
(2) (4*) (8*) (11*) (9*) (12*) (15*) (2) (8*) 
9 29 32 35 37 41 42 61 36 40 
Sx® 1.0 0.8 1.2 2.0 1.0 0.9 2.9 0.7 1.6 
LSD^ 4.5 2.6 3.8 6.4 3.1 3.0 9.5 2.1 5.2 
*Mean over all cultivars, excluding Shinsei. 
= The maximum day from planting to the first frost damage was 103 days. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
* = Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
Least significant difference at the 0.05 probability level. 
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Table 8. Mean, number of nodes at a reproductive stage in the night in­
terruption study 
'reat- Reproductive stage 
ment R1 R2 R3 R4 R5 
1 9 10 13 14 15 
2 7 8 10 11 12 
3 7 7 9 10 11 
4 6 7 8 9 11 
5 7 8 9 10 11 
6 6 7 8 10 11 
7 8 9 12 12 13 
8 6 7 9 10 12 
9 6 6 8 8 10 
Day Length Study 
The number of days from VC to each reproductive stage was signifi­
cantly greater for the 4-hour than the 8-hour or 12-hour day lengths 
(Appendix Tables A-8 and A-9). The mean squares for day lengths were 
highly significant for all reproductive stages when the 4-hour, 8-hour, 
and 12-hour day lengths of the first planting were considered; however, 
differences due to the effects of different chambers were confounded 
within the day length effect. Plants in the 4-hour day length were less 
vigorous and had a lighter green color than those in the other two day 
lengths. The amount of photosynthesis during the 4-hour period appar­
ently was insufficient to sustain normal plant development. 
Mean squares are shown for the 8-hour and 12-hour day lengths which 
had two plantings (Table 9). The mean squares for planting and day 
length were significant for only reproductive stage R7. This significance 
Table 9. Combined analysis of variance for days after the cotyledon stage (VC) In the day length 
study for the 8-hour and 12-hour day lengths 
Source o£ Reproductive stage 
variation R2 E3 M R5 R6 R7 R8 
Planting (P) 1 844.23 796.49 385.93 183.94 652.97 2187.00 1361.07* 164.28 
Day length (DL) 1 389.00 404.46 218.60 554.67 534.32 33.65 1327.14* : 1253.10 
P X DL 1 11.48 11.11 38.59 28.36 24.31 93.78 0.80 32.64 
Cultlvar (C) 26 502.48** 517.51** 470.34** 568.22** 519.34** 442.26** 446.41** 631.68** 
C X P 26 7.25** 7.17* 10.82* 16.43** 8.27 48.90** 52.12** 77.11'* 
C X DL 26 90.41** 99.20** 101.49** 106.39** 105.50** 56.61** 40.06 56.04 
C X P X DL 26 7.97** 7.32* 4.08 3.76 7.11 16.83 36.62** 53.46 
Rep/DL X P 8 10.63 10.45 8.60 12.91 24.84 29.88 72.07 132.87 
Error 208 3.41 4.01 6.08 7.38 8.57 13.08 12.19 34.41 
^Degrees of freedom. 
*P < 0.05. 
**P < 0.01. 
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is due to the extremely small error associated with the planting x day 
length interaction that was used as the error term. Cultivars were 
highly significantly different for all reproductive stages R1 through 
R8- The cultivar x planting was highly significant for Rl, R4, R6, 
R7, and R8 and significant for R2 and R3. The cultivar x day length 
interaction was highly significant for reproductive stages Rl through 
R6. The cultivar x planting x day length interaction was highly sig­
nificant for Rl and R7 and significant for R2. 
The statistically significant cultivar, cultivar x planting, 
cultivar x day length, and cultivar x planting x day length do not seem 
practically important. Cultivar means for reproductive stages Rl and 
R8 show that all of the cultivars of maturity groups 00 through VIII 
reached Rl within a range of 20 to 25 days after VC in the 8-hour day 
length and 20 to 26 days in the 12-hour day length (Table 10). All of 
the same cultivars, except 'Cobb', reached Rl earlier in the 8-hour 
and 12-hour day length than in the 4-hour day length- The cultivars of 
maturity groups IX and X were more erratic in their response to day 
length due to excessive vegetative growth. The means over cultivars 
showed that Rl occurred 24 days after VC in the 8-hour day length, 26 
days after VC in the 12-hour day length, and 34 days after VC in the 4-
hour day length (Table 10). 
All of the cultivars of maturity groups 00 through VIII, except 
' Corsoy ', matured earlier in the 12-hour day length than in the 8-hour 
or 4-hour day lengths. 'Jupiter' and two plant introductions of matu­
rity group X did not mature in the 12-hour day length. Beeson and 
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Table 10. Culcivar means for days from the cotyledon stage (VC) at 
reproductive stages R1 and R8 in the day length study 
Cuitivar 
Reproductive study 
Maturity R1 
group Day length Day length 
4 8 12 4 8 12 
days 
Âltona 00 29 23 22 77 75 71 
Norman 00 39 22 24 94 75 73 
Clay 0 33 21 20 96 81 80 
Evans 0 30 21 21 92 82 76 
Hark I 31 23 20 105 83 78 
Hodgson I 31 23 21 94 89 82 
Beeson II 40 24 22 3, 96 91 
Corsoy II 41 21 22 107 82 88 
Williams III 31 25 23 90 91 86 
Woodworth III 28 23 23 99 85 84 
Cutler 71 IV 30 23 22 110 92 83 
Kent IV 30 24 24 97 90 
Essex V 26 20 22 94 90 88 
Hill V 29 21 26 81 78 76 
Lee 74 VI 29 20 25 96 83 81 
Tracy VI 27 21 23 96 82 77 
Bragg VII 32 21 25 98 88 88 
Ransom VII 30 23 25 109 99 90 
Button VIII 33 22 24 102 90 83 
Cobb VIII 24 19 26 101 96 84 
Santa Rosa IX 32 23 29 96 96 90 
Jupiter IX 46 37 39 106 92 • • • 
PI 274454 X 60 38 63 102 84 • • • 
PI 240664 X , 50 32 39 103 • • • • • • 
PI 153212 D.N.b 38 24 22 83 66 66 
Shinsei D.N. 26 22 22 77 79 70 
Biloxi Ref.c 35 29 32 101 90 95 
Day length 
mean^ 34 24 26 95 85 81 
832= 2.7 1.3 0.9 3.6 3.8 2.7 
LSD^ 7.7 3.7 2.8 10.2 11.0 8.0 
^The cuitivar did not develop to R8 within 110 days, when the 
experiment was terminated. 
^Day neutral. 
^Reference cuitivar. 
*^The day length means for R8 include only those cultivars which 
developed to R8 in all day lengths. 
^Standard error of a mean for differences among cultivars. 
^Least significant difference at the 0.05 probability level. 
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'Kent' did not mature in the 4-hour day length. Only one plant intro­
duction, PI 240664, did not mature in the 8-hour day length. The means 
over cultivars showed that the plants matured 81 days after VC in the 
12-hour day length, 85 days after VC in the 8-hour day length, and 95 
days after VC in the 4-hour day length (Table 10). The cultivar means 
for reproductive stages R1 through R8 appear in the Appendix (Appendix 
Table A-9). 
The plants developed from R1 to R8 in less time in the 12-hour day 
length than in the 4-hour or 8-hour day lengths. The R1 to R8 period 
was 55 days in the 12-hour day length and 61 days in the 8-hour and 4-
hour day lengths. There was an average of 8 vegetative nodes per plant 
in the 12-hour day length, 7 vegetative nodes per plant in the 8-hour 
day length, and 8 vegetative nodes per plant in the 4-hour day length 
at maturity. 
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DISCUSSION AND CONCLUSIONS 
Night Interruption Study 
One objective of the night interruption study was to compare the 
reproductive development of soybeans exposed to every-night or every-
other-night interruption. Both every-night and every-other-night in­
terruptions delayed reproductive development; however, the every-night 
interruptions delayed reproductive development approximately twice that 
of every-other-night interruptions. This result did not support the 
observation of Blaney and Hamner (1957) that soybeans require two con­
secutive short days to be induced to flower and, therefore, that night 
interruption given every other night should delay reproductive develop­
ment as much as every-night interruption. The difference between the 
two studies is probably associated with the cultivars studied. Blaney 
and Hamner (1957) evaluated Biloxi, a cultivar of maturity group VIII 
that is highly sensitive to day length. The cultivars used in the night 
interruption study were from maturity groups 00 through V that are 
generally less sensitive to day length than those from later maturity 
groups. 
The response of cultivars of different maturity groups to night 
interruption was similar to the results reported by Kiyosawa and Kiyosawa 
(1961). In both studies, early maturing cultivars were less sensitive 
to night interruption than late maturing cultivars. 
Another objective of the night interruption study was to compare 
the delay in reproductive development when soybeans are exposed to 
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continuous illumination, with the delay observed when exposed to 1.5 
hours of light during the early, mid, or late period of the night. 
Night interruptions of 1.5 hours were not as effective as continuous 
illumination from sunset to sunrise and night interruption late in the 
dark period was more effective in delaying reproductive development than 
early or mid. Wareing (1954) and Nanda and Hamner (1962) found that 
night interruption early or late in the dark period resulted in fewer 
flowers than a mid interruption. The results of the night interruption 
study cannot be compared directly with those of Wareing (1954) and Nanda 
and Hamner (1962) because they used the number of flowers to assess the 
effect of light treatments, and the delay in reproductive development 
was used in the night interruption study. The cultivars used for the 
studies also differed. 
Results from the night interruption study indicated that every-
night interruption delayed reproductive development twice that of every-
other-night interruption, that continuous illumination from sunset to 
sunrise delayed reproductive development more than interruption for 1.5 
hours, and that night interruption in the late part of the dark period 
delayed reproductive development more than early or mid interruptions. 
To use these results in a greenhouse or winter nursery program, 
the breeder must consider the maturity group of the material and the 
amount of delay desired. Cultivars of early maturity groups will respond 
very little to night interruption, and may require continuous illumina­
tion to delay reproductive development. Cultivars of late maturity 
groups will respond more to night interruption, and every-other-night 
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interruption given in the late part of the dark period may be sufficient 
to achieve the desired delay. The cultivar and the amount of delay 
desired will therefore dictate the procedure used. 
Day Length Study 
The objective of the day length study was to determine if day 
lengths shorter than 12 hours would reduce the length of time required 
to obtain a generation of soybeans. The results indicated that there 
is no reduction in the time from planting to maturity of cultivars of 
maturity groups 00 through VIII when grown under 4-hour or 8-hour day 
lengths. Parker and Borthwick (1939) found little difference in the 
number of days from planting to flowering when Biloxi was grown in 8-hour 
to 13-hour day lengths. Gamer and Allard (1920) found a 7 day differ­
ence in the number of days from planting to flowering between early and 
late cultivars exposed to 5-hour, 7-hour, and 12-hour day lengths in the 
field. The late cultivar used by Gamer and Allard (1920) was Biloxi, 
a maturity group VIII cultivar. The 7 day range in planting to flower­
ing they observed is about the same as observed over cultivars in the 
day length study. 
There may be some reduction in the time from planting to flowering 
and maturity of cultivars of maturity groups IX and X. Byth (1968) 
found that he could differentiate between two early and two late culti­
vars, all of maturity group VIII, by their response of time of flower­
ing in a 12-hour day length. Here, there was a larger reduction in the 
number of days to flowering for cultivars of maturity groups IX and X 
than for cultivars of maturity groups 00 through VIII. Three cultivars 
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of maturity group IX and X did not mature in the 12-hour day length due 
to excessive vegetative growth which could not be supported with adequate 
moisture in the growth chamber environment-
The use of day lengths shorter than 12 hours does not reduce the 
time from planting to maturity. Breeders using single-seed descent in 
winter nursery or greenhouse programs with 12-hour day lengths will not 
benefit by artificially shortening the day length. 
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APPENDIX 
Table A-•1. Days from planting to full bloom, R2, for cultivars in the night interruption study 
Treat-
ment 
Cultlvar (maturity group) 
Altona 
(00) 
Clay 
(0) 
Hark 
(I) 
Deeson 
(II) 
Woodworth 
(III) 
Cutler 71 
(IV) 
Essex 
(V) 
Shinsei 
(D.N.) 
1 44 , 
(14*)C.d 
59 
(26*) 
78 
(41*) 
103+ 
(62+*) 
82 
(39*) 
78 
(34*) 
103+b 
(42+*) 
39 
(2*) 
78 
(37*) 
2 38 
(8*) 
43 
(10*) 
58 
(21*) 
62 
(21*) 
64 
(21*) 
68 
(24*) 
86 
(25*) 
39 
(2*) 
60 
(19*) 
3 35 
(5*) 
38 
(5*) 
48 
(11*) 
55 
(14*) 
56 
(13*) 
58 
(14*) 
73 
(12*) 
38 
(1) 
52 
(11*) 
4 32 
(2) 
34 
(1) 
41 
(4*) 
46 
(5) 
48 
(5*) 
51 
(7*) 
69 
(8*) 
39 
(2*) 
46 
(5) 
5 37 
(7*) 
40 
(7*) 
49 
(12*) 
52 
(11*) 
56 
(13*) 
57 
(13*) 
76 
(15*) 
39 
(2*) 
52 
(11*) 
6 33 
(3) 
35 
(2) 
42 
(5*) 
45 
(4) 
47 
(4*) 
51 
(7*) 
70 
(9*) 
38 
(1) 
46 
(5) 
7 42 
(12*) 
46 
(13*) 
57 
(20*) 
65 
(24*) 
65 
(22*) 
69 
(25*) 
87 
(26*) 
39 
(2*) 
62 
(21*) 
8 35 
(5*) 
39 
(6*) 
46 
(9*) 
50 
(9*) 
53 
(10*) 
56 
(12*) 
77 
(16*) 
39 
(2*) 
51 
(10*) 
9 30 33 37 41 43 44 61 37 41 
SxG 1.0 1.0 1.1 1.6 1.2 1.0 1.4 0.4 1.7 
LSD^ 4.4 3.2 3.7 5.3 3.9 3.5 4.8 1.1 5.5 
*Nean over all cultivars, excluding Shinsei. 
= The maximum day from planting to the first frost damage was 103 days. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
= Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
Least significant difference at the 0.05 probability level. 
Table A-2. Days from planting to beginning pod, R3, for cultivars in the night interruption study 
Treat- Cultiver (maturity group) 
Altona Clay Hark Reeson Woodworth Cutler 71 Essex Shinsei —a 
(00) (0) (I) (II) (III) (IV) (V) (D.N.) 
1 58 72 82 103+b 88 103+ 103+ 44 87 
(23*)C,d (34*) (38*) (57+*) (38*) (53+*) (34+*) (2*) (40*) 
2 46 49 67 73 73 77 103+ 43 70 
(11*) (11*) (23*) (27*) (23*) (27*) (34+*) (1) (23*) 
3 41 44 56 63 65 66 80 42 59 
(6*) (6*) (12*) (17*) (15*) (16*) (11*) (0) (12*) 
4 38 41 48 54 55 59 77 43 53 
(3) (3) (4*) (8*) (5) (9*) (8*) (1) (6) 
5 44 45 57 61 65 66 85 44 60 
(9*) (7*) (13*) (15*) (15*) (16*) (16*) (2*) (13*) 
6 40 40 50 53 57 59 77 43 54 
(5) (2) (6*) (7*) (7*) (9*) (8*) (1) (7*) 
7 52 55 65 74 73 78 89 46 69 
(17*) (17*) (21*) (28*) (23) (28*) (20*) (4*) (22*) 
8 42 45 55 59 60 66 86 44 59 
(7*) (7*) (11*) (13*) (10*) (16*) (17*) (2*) (12*) 
9 35 38 44 46 50 50 69 42 47 
Sx^ 1.5 1.5 1.2 1.4 1.6 1.2 1.7 0.6 2.1 
LSDf 5.0 5.0 3.8 4.5 5.1 3.9 5.9 1.9 6.9 
%ean over all cultivars, excluding Shinsei. 
= The maximum day from planting to the first frost damage was 103 days. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
d* = Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
^Least significant difference at the 0.05 probability level. 
Table A-3. Days from planting to full pod, R4, for cultlvars In the night interruption study 
Cultivar (maturity Rroup) 
Treat­
ment Altona (00) 
Clay 
(0) 
Hark 
(I) 
Beeson 
(II) 
Woodworth 
(III) 
Cutler 71 
(IV) 
Essex 
(V) 
Shinsei 
(D.N.) 
—a 
X 
1 69 78 103+h 103+ 103+ 103+ 103+ 47 95 
(29*)C'd (36*) (54+*) (51+*) (48+*) (46+*) (29+*) (1) (42*) 
2 55 54 76 80 81 88 103+ 46 77 
(15*) (12*) (27*) (28*) (26*) (31*) (29+*) (0) (24*) 
3 49 47 62 69 71 71 91 45 66 
(9*) (5) (13*) (17*) (16*) (14*) (17*) (0) (13*) 
4 44 44 54 59 62 65 85 46 59 
(4) (2) (5*) (7*) (7*) (8*) (11*) (0) (6) 
5 50 49 63 66 70 70 94 47 66 
(10*) (7*) (14*) (14*) (15*) (13*) (20*) (1) (13*) 
6 47 43 56 59 63 65 84 45 60 
(7*) (1) (7*) (7*) (8*) (8*) (10*) (0) (7) 
7 59 59 70 82 80 89 103+ 50 77 
(19*) (17*) (21*) (30*) (25*) (32*) (29+*) (4*) (24*) 
8 49 48 63 66 68 72 96 48 66 
(9*) (6*) (14*) (14*) (13*) (15*) (22*) (2) (13*) 
9 40 42 49 52 55 57 74 46 53 
Sx® 2.0 1.6 1.4 2.0 1.8 2.0 1.9 0.7 2.7 
LSD^ 6.6 5.2 4.7 6.6 6.0 6.7 7.0 2.3 9.0 
^Mean over all cultlvars, excluding Shinsei. 
+ = The maximum day from planting to the first frost damage was 103 days. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
* = Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
^Least significant difference at the 0.05 probability level. 
Table A--4. Days from planting to beginning seed. R5, for cultlvars in the night interruption study 
Treat­
ment 
Cultlvar (maturity group) 
Altona 
(00) 
Clay 
(0) 
Hark 
(I) 
Reeson 
(II) 
Woodworth 
(III) 
Cutler 71 
(IV) 
Essex 
(V) 
Shlnsel 
(D.N.) X* 
1 76 . 
(26*)C'G 
86 
(37*) 
103+b 
(44+*) 
103+ 
(41+*) 
103+ 
(39+*) 
103+ 
(36+*) 
103+ 
(23+*) 
55 
(3*) 
97 
(35*) 
2 66 
(16*) 
62 
(13*) 
82 
(23*) 
83 
(21*) 
89 
(25*) 
103+ 
(36+*) 
103+ 
(23+*) 
54 
(2*) 
84 
(22*) 
3 58 
(8*) 
56 
(7*) 
71 
(12*) 
76 
(14*) 
81 
(17*) 
81 
(14*) 
103+ 
(23+*) 
53 
(1) 
75 
(13*) 
4 55 
(5*) 
53 
(4) 
64 
(5) 
69 
(7*) 
71 
(7) 
72 
(5) 
92 
(12) 
53 
(1) 
68 
(6*) 
5 60 
(10*) 
57 
(8*) 
72 
(13*) 
75 
(13*) 
80 
(16*) 
79 
(12*) 
103+ 
(23+*) 
56 
(4) 
75 
(13*) 
6 56 
(6*) 
52 
(3) 
65 
(6*) 
69 
(7*) 
72 
(8*) 
73 
(6) 
92 
(12) 
54 
(2*) 
68 
(6*) 
7 69 
(19*) 
67 
(18*) 
79 
(20*) 
88 
(26*) 
90 
(26*) 
92 
(25*) 
103+ 
(23+*) 
57 
(5*) 
84 
(22*) 
8 59 
(9*) 
57 
(8*) 
71 
(12*) 
75 
(13*) 
78 
(14*) 
82 
(15*) 
103+ 
(23+*) 
56 
(4*) 
75 
(13*) 
9 50 49 59 62 64 67 80 52 62 
Sx® 1.2 1.6 1.7 1.7 2.0 2.5 2.6 0.4 1.9 
LSD^ 4.0 5.1 5.5 5.7 7.1 8.5 15.6 1.2 6.0 
*Mean over all cultlvars, excluding Shlnsel. 
+ = The maximum day from planting to the first frost damage was 103 days. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
= Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
^Least significant difference at the 0.05 probability level. 
Table A-5. Days from planting to full seed, R6, for cultlvars in the night interruption study 
^reat- — Cultiver (maturity group) 
Altona Clay Hark Beeson Woodworth Cutler 71 Essex Shinsei —g 
(00) (0) (I) (II) (III) (IV) (V) (D.N.) * 
1 91 _ d 103+b 103+ 103+ 103+ 103+ 103+ 69 101 
(26*) (37+*) (31+*) (26+*) (26+*) (22+*) (7+) (2) (25*) 
2 78 77 103+ 103+ 103+ 103+ 103+ 68 96 
(13) (11*) (31+*) (26+*) (26+*) (22+*) (7+) (1) (20*) 
3 70 70 84 90 92 95 103+ 67 86 
(5) (4) (12*) (13*) (15*) (14*) (7+) (0) (10*) 
4 68 68 78 84 84 89 103+ 65 82 
(3) (2) (6*) (7*) (7*) (8*) (7+) (0) (6*) 
5 75 72 88 91 95 95 103+ 69 88 
(10) (6) (16*) (14*) (18*) (14*) (7+) (2) (12*) 
6 70 67 79 85 86 90 103+ 67 83 
(5) (1) (7*) (8*) (9*) (9*) (7+) (0) (7*) 
7 81 81 93 103+ 103+ 103+ 103+ 71 95 
(16) (15*) (21*) (26+*) (26+*) (22+*) (7+) (4*) (19*) 
8 72 72 86 91 93 103+ 103+ 70 89 
(7) (6) (14*) (14*) (16*) (22+*) (7+) (3) (13*) 
9 65 66 72 77 77 81 96 67 76 
Sx® 1.9 1.9 0.8 1.3 1.2 0.5 — — 1.0 1.4 
LSD^ 16.5 6.4 2.9 4.6 4.4 2.1 3.3 4.7 
^Mean over all cultivars, excluding Shinsei. 
+ = The maximum day from planting to the first frost damage was 103 days. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
* = Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
Least significant difference at the 0.05 probability level. 
Table A-6. Days from planting to beginning maturity, R7, for cultivars in the night interruption study 
Cultivar (maturity group) 
Treat­
ment Altona (00) 
Clay 
(0) 
Hark 
(I) 
Bceson 
(II) 
Woodworth 
(III) 
Cutler 71 
(IV) 
Essex 
(V) 
Shinsci 
(D.N. x* 
1 103+b 
(25+*)d,e 
103+ 
(21+*) 
103+ 
(10+*) 
. . . ^  91 
(5*) 
103+ 
(19+*) 
2 97 
(19*) 
103+ 
(21+*) 
103+ 
(10+*) 
89 
(3) 
101 
(17*) 
3 89 
(11*) 
90 
(8*) 
103+ 
(10+*) 
88 
(2) 
94 
(10*) 
4 82 
(4) 
87 
(5*) 
96 
(3*) 
86 
(0) 
88 
(4) 
5 91 
(13*) 
92 
(10*) 
103+ 
(10+*) 
88 
(2) 
95 
(11*) 
6 86 
(8*) 
87 
(5*) 
98 
(5*) 
85 
(1) 
90 
(6*) 
7 103+ 
(25+*) 
103+ 
(21+*) 
103+ 
(10+*) 
92 
(6*) 
103+ 
(19+*) 
8 91 
(13*) 
90 
(8*) 
103+ 
(10+*) 
90 
(4*) 
95 
(11*) 
9 78 82 93 • • • 86 84 
Sxf 1.3 1.3 0.1 — 1.2 1.4 
LSD^ 4.6 4.7 0.3 — —  — —  — — 4.0 4.5 
^Mean over all cultivars, excluding Shlnaei. 
= The maximum day from planting to the first frost damage was 103 days. 
CThe cultivar did not develop to R7. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
= Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
^Least significant difference at the 0.05 probability level. 
Table A-7. Days from planting to full maturity, R8, for cultivars in the night interruption study 
Cultivar (maturity grot p) 
Treat­
ment Altona (00) 
Clay 
(0) 
Hark 
(I) 
Heeson Woodworth 
(II) (III) 
Cutler 71 
(IV) 
Essex 
(V) 
Shinsei 
(D.N.) X* 
1 103+b 
(20+*)d'G 
103+ 
(14+*) 
103+ 
(6*) 
c 96 
(4) 
103+ 
(13+*) 
2 103+ 
(20+*) 
103+ 
(14+*) 
103+ 
(6+) 
• • • • • • 
92 
(0) 
103+ 
(13+*) 
3 93 
(10*) 
93 
(4) 
103+ 
(6+) 
• • • • • • 
92 
(0) 
96 
(6*) 
4 88 
(5) 
92 
(3) 
99 
(2) 
... • • . 90 
(0) 
93 
(3) 
5 95 
(12*) 
97 
(8*) 
103+ 
(6+) 
• • • ... 92 
(0) 
98 
(8*) 
6 91 
(8*) 
91 
(4) 
103+ 
(6+) 
... ... 90 
(0) 
95 
(5*) 
7 103+ 
(20+*) 
103+ 
(14+*) 
103+ 
(6+) 
... ... 96 
(4) 
103+ 
(13+*) 
8 95 
(12*) 
94 
(5*) 
103+ 
(6+) 
* * ... 94 
(2) 
97 
(7*) 
9 83 89 97 . . ... ... 92 90 
Sxf 1.4 1.2 0.8 —— 1.3 1.4 
LSD® 5.1 4.3 18.3 — — — — — — 4.3 4.6 
®Mean over all cultivars, excluding Shinsei. 
= The maximum day from planting to the first frost damage was 103 days. 
^The cultivar did not develop to R7. 
^Numbers in parentheses are the number of days delay beyond treatment 9. 
= Significantly different from the control at the 0.05 probability level based on the LSD. 
^Standard error of a mean. 
®Least significant difference at the 0.05 probability level. 
Table A-8. Analysis of variance for days after the cotyledon stage (VC) In the day length study 
for the first planting of the 4-hour, 8-hour, and 12-hour day lengths 
Source of a Reproductive stage 
variation R1 R2 R3 R4 R5 R6 R7 R8 
Day length 
(DL) 2 3120.79** 3156.31** 2945.49** 3466.11** 3113.52** 11876.88** 11354.72** 4682.30** 
Rep/DL 6 21.09 16.71 25.17 19.76 22.65 101.69 56.50 159.33 
Cultivar (C) 26 410.99** 418.23** 462.92** 484.50** 497.40** 656.02** 535.58** 637.45** 
C X DL 52 40.00** 41.33** 61.15** 66.83** 59.08** 11.87 43.02** 96.19** 
Error 156 8.65 8.51 13.49 14.25 18.69 22.07 20.02 50.59 
^Degrees of freedom. 
**P < 0.01. 
Table A-9. Cultivar means for days from the cotyledon stage, VC, for 
the three day lengths in the day length study 
Reproductive stage 
Maturity §1 £2 22 M 
u ivar gj.Qyp Day length Day length Day length Day length 
4 8 12 4 8 12 4 8 12 4 8 12 
Altona 00 29a I 23 22 29 23 22 32 26 26 35 29 29 
Norman 00 39 22 24 39 22 24 43 26 27 47 30 30 
Clay 0 33 21 20 33 21 20 37 25 23 44 28 26 
Evans 0 30 21 21 30 21 21 33 25 24 37 28 27 
Hark I 31 23 20 31 23 20 35 27 24 39 31 27 
Hodgson I 31 23 21 31 23 21 34 27 24 38 29 27 
Beeson II 40 24 22 40 24 22 44 28 26 50 31 29 
Corsoy II 41 21 22 41 21 22 48 24 25 52 27 28 
Williams III 31 25 23 31 25 23 34 29 29 38 33 32 
Woodworth III 28 23 23 31 23 23 35 28 28 40 31 33 
Cutler 71 IV 30 23 22 30 23 22 35 27 26 40 29 31 
Kent IV 30 24 24 30 24 24 34 28 28 38 31 32 
Essex V 26 20 22 27 20 22 30 24 28 34 27 31 
Hill V 29 21 26 29 21 26 31 26 32 35 29 36 
Lee 74 VI 29 20 25 29 20 25 33 25 31 37 28 34 
Tracy VI 27 21 23 27 21 23 31 25 28 36 28 31 
Bragg VII 32 21 25 32 21 25 37 26 31 40 30 35 
Ransom VII 30 23 25 30 23 25 33 27 32 37 31 36 
Hutton VIII 33 22 24 33 22 24 38 27 32 43 31 36 
Cobb VIII 24 19 26 25 19 26 30 27 35 35 32 39 
Santa Rosa IX 32 23 29 32 23 29 36 28 37 42 33 40 
Jupiter IX 46 37 39 46 37 39 51 42 61 54 46 67 
PI 274454 X 60 38 63 61 38 65 70 44 • • • 75 48 
PI 240664 X 50 32 39 50 32 39 59 45 • • • 63 51 
PI 153212 D.N.C 38 24 22 38 24 22 45 27 26 49 30 29 
Shinsei D.N. 26 22 22 26 22 22 29 25 25 33 28 27 
Biloxi Ref.d 35 29 32 35 29 32 39 33 45 45 37 49 
X  34 24 26 34 24 26 38 29 31 43 32 34 
SxG 2.7 : 1.3 1 0.9 2.6 : 1.2 1 0.9 2.9 1.0 1.2 3.0 : 1.6 : 1.0 
LSD^ 7.7 : 3.7 : 2.8 7.4 : 3.6 : 2.7 8.3 : 3.1 3.5 8.5 ' 4.6 : 2.8 
^The mean for the 4-hour day length is of 3 replications; the means 
for the 8- and 12-hour day lengths are of 6 replications. 
^The cultivar did not develop to that stage within 110 days. 
^Day neutral. 
^Reference cultivar. 
^Standard error of a mean. 
^Least significant difference at the 0.05 probability level. 
55 
Reproductive stage 
R5 R6 R7 R8 
Day length Day length Day length Day length 
4 8 12 4 8 12 4 8 12 4 8 12 
41 36 36 60 47 46 68 67 63 77 75 71 
54 36 38 76 46 48 92 67 64 94 75 73 
49 35 30 67 45 42 91 76 65 96 81 80 
41 34 34 61 45 44 88 72 63 92 82 76 
43 37 34 71 48 47 100 74 70 105 83 78 
43 36 34 61 48 48 88 78 68 94. 89 82 
59 39 37 93 53 51 103 82 75 0 96 91 
58 32 35 71 44 45 105 76 68 107 82 88 
43 40 39 70 53 52 87 80 76 90 91 86 
45 39 39 72 50 50 93 77 72 99 85 84 
46 36 37 76 49 52 101 79 75 110 92 83 
44 39 40 74 55 52 105 82 76 97 90 
40 33 38 56 46 49 91 78 76 94 90 88 
41 36 42 60 46 54 78 70 71 81 78 76 
42 34 41 62 46 53 88 75 73 96 83 81 
42 35 38 60 46 49 89 73 70 96 82 77 
47 37 43 69 50 54 95 78 77 98 88 88 
42 38 43 63 50 54 99 84 78 109 99 90 
48 38 43 69 50 •54 98 78 76 102 90 83 
40 38 47 58 50 58 93 75 76 101 96 84 
46 40 48 71 51 58 90 79 79 96 96 90 
59 53 74 80 70 101 87 ... 106 92 ... 
80 54 ... 89 65 99 78 ... 102 84 ... 
70 ... 87 ... 98 ... 103 ... 
54 36 36 63 47 46 77 59 56 . 83 66 66 
38 34 35 55 48 45 75 67 60 77 79 70 
47 43 59 80 64 76 89 77 85 101 90 95 
48 38 41 70 51 52 92 76 72 97 86 83 
1.4 1.1 1.2 3.8 2.5 2.2 3.4 2.5 2.9 3.6 3.8 2.7 
.5 3.2 3.4 10.7 7.3 6.4 9.7 7.4 8.6 10.0 11.0 8.0 
